Purpose-To evaluate sensorimotor outcomes among children in the Infant Aphakia Treatment Study (IATS).
surgery. Thirteen of 48 (27%) who underwent cataract surgery prior to 49 days of age compared to 8 of 64 (13%) who had surgery after 49 days were orthotropic (P = 0.085). Median visual acuity in the operative eye was 0.4 logMAR (20/50) for children with orthotropia or microtropia (<10 Δ ) versus 1.10 logMAR (20/252) for strabismus ≥10 Δ (P = 0.0001). Stereopsis was detected in 12 of 21 children (57%) with orthotropia versus 16 of 89 (18%) children with strabismus (P = 0.0006).
Conclusions-IOL placement does not reduce the development of strabismus after monocular congenital cataract surgery. Improved ocular alignment by age 5 years correlated strongly with improved visual acuity and stereopsis.
Strabismus is a common finding after unilateral cataract surgery, with reported frequencies varying by population and follow-up time in small retrospective studies. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Prior reports have suggested that strabismus develops less frequently when an intraocular lens (IOL) is implanted primarily; however, none of these studies randomized IOL implantation. 1, 2 The Infant Aphakia Treatment Study (IATS), a multicenter, randomized clinical trial, compared visual outcomes and adverse events in children randomized to either cataract surgery contact lens correction or primarily IOL implantation after unilateral cataract surgery in infants aged 1-6 months. The primary outcome at age 4.5 years was visual acuity. 11 Secondary outcomes included adverse events and additional surgeries. 12 Strabismus developed in a comparable proportion of children in both arms of the study 1 year after cataract surgery. 13 The present study reports the strabismus findings in this cohort of children by age 5 years relative to their sensory status and visual acuity.
Subjects and Methods
The IATS design, surgical treatments, patching and optical regimens, follow-up examination schedule, and evaluation methods have been previously published. 14 Infants with a visually significant congenital cataract (≥3 mm central opacity) in one eye and an age of 28 days to <210 days at the time of cataract surgery were randomized to have either an IOL placed at the time of the initial surgery (with spectacle correction of residual hyperopia) or to be left aphakic (with contact lens correction). The randomization was stratified according to the category of the age of the infant at surgery (28-48 days vs 49-210 days). This study was approved by the institutional review boards at all participating institutions and complied with the Health Insurance Portability and Accountability Act of 1996. The off-label research use of the AcrySof SN60AT and MA60AC IOLs (Alcon Laboratories, Fort Worth, Texas) was covered by US Food and Drug Administration investigational device exemption # G020021. Written informed consent was obtained from all guardians or caregivers.
Examination
Ocular alignment at distance and near was assessed at each follow-up examination and immediately prior to strabismus surgery by an IATS-certified investigator through age 5. Strabismus was measured in prism diopters using the simultaneous prism cover test followed by the prism and alternate cover test or Krimsky light reflex testing when fixation was poor. The timing and choice of strabismus surgery was at investigator discretion. Monocular optotype HOTV visual acuity and stereopsis were measured at age 4.5 years by a masked traveling tester. 12 
Analysis
For reporting all children combined and for analysis of the associations between strabismus and aphakia treatment, visual acuity, stereopsis, age at cataract surgery, adverse events, and additional intraocular surgery, strabismus outcomes at the 5-year examination were used, unless the patient had prior strabismus surgery, in which case the measurements recorded immediately prior to the first strabismus surgery were used. For change in strabismus and the relationship, 5-year examination measurements were used. Children with a combination of horizontal and vertical strabismus were grouped according to the horizontal deviation. Unless otherwise noted, the strabismus result is for the measurement made at distance.
The percentage of children with strabismus was compared among groups using the Fisher exact test. The median visual acuity was compared between groups of children with and without strabismus using the Wilcoxon rank-sum test. All statistical tests were 2-sided. No adjustment was made for multiple testing. A P value of <0.05 was deemed statistically significant.
Results
A total of 114 children were enrolled in the IATS, with 57 randomized to each treatment group. One IOL patient was lost to follow-up at 18 months of age; the remaining 113 children were examined at age 5 years. Strabismus measurements could not be made for 1 contact lens (CL) patient with phthisis bulbi. We report strabismus results for the remaining 112 children. Of these, strabismus measurements from the age 5 examination are included for the 67 (60%) followed to that point without strabismus surgery; measurements made at the time of the first strabismus surgery are included for the 45 (40%) who had undergone strabismus surgery before 5 years of age. The median time to strabismus surgery after enrollment was 18.3 months (interquartile range, 9.7-30.6 months; range, 2.8-53.8 months).
Strabismus Outcomes
Of the 112 children, 91 (81%) had strabismus when measured at distance (Table 1) . Esotropia was present in 56 children (50%), with angles ranging from 2 Δ to 70 Δ . Exotropia was present in 30 children (27%), with angles ranging from 3 Δ to 50 Δ . Nineteen children (17%) had an intermittent or constant hyperdeviation ranging from 2 Δ to 20 Δ , of which 14 were in the setting of a horizontal deviation. A phoria was documented in 2 children (2%), and intermittent deviations were detected in 17 (15%). A microtropia (1 Δ -9 Δ ) was present at distance and near in only 7 of 109 (7%) children. At age 5 years, inferior oblique overaction was present in 15 of 109 (14%) children. Of 109 children, an A-or V-pattern strabismus was present in 7 (7%) and 5 (5%) children, respectively at age 5 years. Of the 112 children, 93 (83%) had the same set of deviations at distance and near ( Table 2) .
Aphakia Treatment and Age at Cataract Surgery
There was no significant difference between the aphakia treatment groups with respect to the occurrence of strabismus. By age 5 years, 8 of 56 children (14%) in the CL group and 13 (23%) in the IOL group were orthotropic at distance (P = 0.33), without a history of strabismus surgery. When microtropia (<10 Δ ) was included with orthotropia, these straighter eyes accounted for 16 of 53 (30%) in the CL group compared to 17 of 50 (34%) in the IOL group (P = 0.83). A similar proportion of children in each treatment group had strabismus surgery (CL, 21/56 [38%]; IOL, 24/56 [43%]; P = 0.70). Orthotropia was found in 13 of 48 children (27%) who underwent cataract surgery prior to 49 days of age versus 8 of 64 (13%) who underwent surgery after 49 days (P = 0.085). Orthotropia and microtropia were found in 20 of 44 of the younger cohort (45%) at cataract surgery versus 13 of 59 (22%) of the older (P = 0.018).
Adverse Events and Additional Intraocular Surgery
The occurrence of adverse events and additional intraocular surgeries in the IATS children up to age 5 years has been previously reported. 12 Among the children with one or more adverse event, 60 of 76 (79%) had strabismus compared with 31 of 36 (86%) in the children without an adverse event (P = 0.44). For children with one or more additional intraocular surgical procedures, 44 of 51 (86%) had strabismus compared with 47 of 61 (77%) for children without surgery (P = 0.23).
Changes in Strabismus
Of 34 infants who were orthotropic at near 12 months after cataract surgery, 14 (41%) were orthotropic at distance and 15 (44%) were orthotropic at near at age 5 years without strabismus surgery. 13 Of the 28 of 114 infants (25%) that had strabismus at enrollment, 1 was lost to follow-up. Of the remaining 27, 3 (11%) were orthotropic at age 5 years without strabismus surgery.
Visual Acuity and Stereopsis
There was a significant relationship between visual acuity at age 4.5 years and orthotropia at distance by age 5 years (Table 3 ). Median visual acuity in the operative eye was 0.30 logMAR (20/50) for children with orthotropia and 1.10 logMAR (20/252) for nonorthotropic children (P = 0.0001). The proportion of children 20/200 or worse was 19% among orthotropic children and 56% among nonorthotropic children (P = 0.0005). These results did not change when children with a microtropia (<10 Δ ) were grouped with the orthotropia children: Median visual acuity was 0.4 logMAR (20/50) for children with orthotropia or microtropia <10 Δ and 1.10 logMAR (20/252) for strabismus ≥10 Δ (P = 0.0001). Stereopsis was detected at age 4.5 years by one or more of the three tests in 12 of 21 (57%) children with orthotropia at near by age 5 years versus 16 of 89 (18%) of those with strabismus (P = 0.0006). When orthotropia was grouped with microtropias <10 Δ , 24% (8/33) of this cohort children showed measurable stereopsis on Frisby stereoacuity testing compared to 7% (7/75) with strabismus of ≥10 Δ (P = 0.02). Among the 21 children with orthotropia at near by age 5 years, the mean near point of convergence was 5.5 ± 3.6 cm (standard deviation; range, 1-14 cm) for the 11 patients with this measurement was made.
Discussion
In the IATS, a similar percentage of patients developed strabismus by age 5 years after unilateral cataract surgery coupled with contact lens or primary IOL implantation (86% vs 77%, P = 0.33). These rates are consistent with previous reports of strabismus in the setting of unilateral congenital cataracts. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Some reports have suggested that IOL insertion lowers the frequency of strabismus. Lambert and colleagues 1 described rates of strabismus of 75% using IOLs and 92% using contact lenses in a small series of infants after unilateral cataract surgery. Autrata and colleagues 2 reported a lower percentage of patients with strabismus after IOL implantation compared to CL correction (55% vs 83%). We did not find a statistically significant difference in the frequency or characteristics strabismus based on aphakia management. Strabismus was not more common in children who experience an adverse event or who underwent additional intraocular surgeries.
Esotropia was the most common type of strabismus in both treatment groups and outnumbered exotropia 2:1. This is consistent with other reports of strabismus following cataract surgery in infancy. 1, 3, 5, 16, 17 Exotropia has been reported as more common when older children develop cataracts. 9, 18 Horizontal deviations were typically poorly controlled and present at distance and near. Small-angle vertical deviations (17%) were typically found in the setting of concomitant horizontal deviation. Inferior oblique overaction, dissociated vertical deviation, and pattern strabismus were rare in our cohort. Despite meaningful periods of reported patching and fixating with a non-accommodating, pseudophakia eye in early childhood, the near point of convergence was normal in the orthotropic children. 19 There was a trend for orthotropia to occur more commonly in children who underwent cataract surgery before age 49 days although this difference did not reach statistical significance. In addition, if strabismus had developed prior to cataract surgery, it was uncommon for those children to later become orthotropic. Removing a cataract at an earlier age and before the development of strabismus may facilitate binocularity and the maintenance of orthotropia. 4, 7, 17, [20] [21] [22] [23] The longitudinal development of strabismus in the first year after cataract surgery was previously described for this cohort. 11 With 4 years of additional follow-up, we found that >40% of children orthotropic at 12 months after cataract surgery were still orthotropic at age 5 years. Although many factors may contribute to the detection and development of strabismus, our results suggest that the sensorimotor findings are not stable 1 year after cataract surgery.
We previously reported a trend for better grating acuity at one year after cataract surgery in the treated eye in children without strabismus. 11 By age 5 years, children without strabismus more commonly had better visual acuity and stereopsis than those with strabismus. Orthotropia was found in 10 of 19 (53%) children with vision better than 20/40 in the operative eye compared to only 4 of 54 (7%) children with vision 20/200 or worse. It is not known whether better visual acuity in the treated eye is protective for the development of strabismus or whether better ocular alignment improves amblyopia treatment after cataract surgery.
Despite anecdotal reports of good stereopsis outcomes, most children do not develop stereopsis after unilateral congenital cataract surgery. 4, 7, [20] [21] [22] Hartmann and colleagues 15 reported gross stereopsis using one or more of three stereopsis tests in 25.5% of children enrolled in the IATS at age 4.5 years. Based on our data, 12 of 28 (43%) of the IATS children with stereopsis at age 4.5 years were orthotropic at age 5 years. Detectable stereopsis is more than three times more likely (18 vs 57%) in children with orthotropia at near by age 5 years versus those with strabismus (P = 0.0006). In Hartmann's report, the highest levels of measured stereopsis was 170 arcsec using Frisby stereoacuity testing. When orthotropia was grouped with microtropias <10 Δ , 24% of IATS children showed measurable stereopsis on Frisby stereoacuity testing compared to 7% with strabismus of ≥10 Δ .
The largest limitation in this study is the inherent challenges of subgroup analysis within the IATS. In addition, there were no protocols to direct investigators regarding the indications for strabismus surgery.
In conclusion, at age 5 years, IOL implantation does not appear to influence the rate of strabismus development. Better visual acuity in the operated eye and higher levels of stereopsis were associated with lower rates of strabismus. a Percent based on total number of patients (112).
b Percent based on number of patients with frequency data for each deviation ("Total no").
c Percent based on number of 56 patients with the specified deviation.
d Nine of the 56 patients with esotropia also exhibited hypertropia. e 5 of the 30 patients with exotropia also exhibited hypertropia.
